Abstract. Metal injection molding (MIM) is capable of mass producing intricately shaped components. In recent years, this technology has been adopted in the electronic, computer, aerospace and medical industries. Titanium alloy (Ti6Al4V) is difficult to process because of its reactive nature and primarily because of problems with carbon and oxygen impurities. Even at low concentration, these interstitials can severely degrade the mechanical properties of titanium and its alloys. The main objective of this study is to develop a sintering condition that would eliminate problems with carbon and oxygen contamination and facilitate binder removal, thus enhance the sintering properties. Ti6Al4V with binder formulation consists of polyethylene (PE), paraffin wax (PW), stearic acid (SA) and palm oil derivatives; palm stearin (PS) were mixed homogeneously and injected to produce green compacts. The binders then were removed and sintering of injection molded material was conducted up to 1200 °C in vacuum atmosphere. The parts sintered at 1150 °C for 8 h exhibited among the highest tensile strength of 921.1 MPa while the elongation, density, porosity and hardness was 6.4%, 4.358 g/cm 3 , 3.16% and 320 HV respectively. This is the advantageous of additional argon flow during debinding , whereas the physical and mechanical properties were improved due to the impurity gas in argon that had strong effects on the aspects of densification and elimination of pores that turn the powder into a dense solid Ti6Al4V.
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Introduction
Ti6Al4V has long been used in the medical field to create biocompatible medical implants. When compared with other metals being considered for use in surgical implants, Ti6Al4V was found to be the most biocompatible metal. It is absolutely inert within the human body, strong, flexible, and compatible with bone growth [4] . As a near-net-shape process, MIM is an efficient method that has the capability of powder metallurgy in the processing of craniofacial implant from metal powders [5] .
In the present work, Ti6Al4V was prepared through MIM. Previous work has shown that MIM can be advantageously applied to the fabrication of Ti6Al4V [6] . Sintering is critical for determining the final quality of the part because high sintered density is imperative for good mechanical and physical properties [2] . The purpose of this study is to determine the condition for sintering. In normal atmosphere, the sample will react with graphite heating element at high temperature to form of titanium carbide (TiC) and titanium oxide (TiO 2 ) which seems to present a problem of brittleness. This reaction can be avoided by introducing argon gases during debinding, and sintering in vacuum condition as to optimize the physical and mechanical properties.
Materials and method
A commercially available Ti6Al4V spherical shape powder as shown in Fig. 1 is provided by TLS Technik Gmbh & Co. Spezialpulzer Kg with the tap density of 2.50 g/cm 3 , apparent density of 2.00 g/cm 3 and pycnometer density of 4.50 g/cm 3 , which can be adopted to determine the relative density of the sintered parts. The chemical composition of the powder given by the manufacturer is tabulated in Table 1 . The 25 µm particle size distribution was determined using a Cilas particle size analyzer and it can be seen that the powder had a relative wide particle size distribution which is desirable for efficient particle packing. Thermoplastic materials can be derived from the palm oil. Thus, a novel binder is formulated and has been evaluated as a possible binder system. Two binder systems are formulated and developed for comparison between the developed; PE/PS, and commercially available; PE/ PW/SA. In order to prepare the feedstock, the Ti6Al4V powder and the binder system were mixed homogenously in a Winkworth z-blade mixer at 160 °C for 2 h. The injection molding process was performed using a vertical injection molding at 180 -200 °C with injection pressure of 6 -9 bar. The debinding process is implemented through two steps i.e. solvent extraction to remove over 2/3 binder system and thermal pyrolisis to remove the remaining binders. The solvent extraction process was carried out by immersed the sample into heptane and held at 60 °C for 6 h. As for the thermal pyrolisis, in a high temperature control atmosphere furnace (HTCAF) the sample is heated until 500 °C in argon atmosphere and continuously sintered in vacuum atmosphere with until 1150 °C and 1200 °C. The sintering condition is tabulated in 
Result and discussion
Thermal analysis. Table 4 shows the melting and evaporation temperature of PE, PW, SA and PS which measured using a simultaneous thermal analysis (STA). The result will give the indication of designing the cycle for removal of the binder system. Physical and mechanical properties and micrograph observation. Table 5 presents the effect of the density stability of sintered parts measured using a Shimadzu specific gravity meter. The average density of sample sintered at 1150 °C is 4.363 g/cm 3 and 4.324 g/cm 3 for 1200 °C samples, stated small differences of 0.89%. For sample D, the density is only 4.241 g/cm 3 and it is lower than that of the other samples. The corresponding value for sample A is 4.367 g/cm 3 and sample B is 4.358 g/cm 3 . Fig. 3 shows the density of sample C produced using palm oil binder system reached the highest reached nearly 97.9% of MPIF 35 standard value (4.5 g/cm 3 ), while sample A of PEPS formulation also reached higher density with only 0.133 g/cm 3 difference. The results also shows the hardness of the sintered parts whereas the test was carried out on a Zwick Roell Hardness tester. Of these, sample C exhibits the best hardness stability, and sample D exhibits the worst. The hardness of the sintered part is strongly correlated with the density; therefore, the hardness can be predicted from the density. It is stated that almost 80% of the binder removed by solvent extraction and the remaining 20% forms a gaseous product at thermal pyrolisis as the binder evaporate and leaves pores among the powder particles. The volume of PS is fully melted during solvent extraction and totally removed after heating over than 436.5 °C, as indicated in Table 4 . According to Table 5 , 2.07% pores occurs on sample C during removal of binder, 0.89% less than sample A and this situation based on the particles that packed densely and fulfil the voids leaves by the binder. Note that sample B stated pores of 3.16% and the highest, 5.75% of sample D. Often a short period of time can cause various defects to form, such as fractures, low densification due to rapid release of the decomposition gas and effect of oxygen in uncontrolled atmosphere [1] . Alternatively, the flowing of argon gas until 500 °C leads to a much more gradual loss in weight and can be accommodate as an important step in controlling the atmosphere. Uniform packing of particles has built the consequences on the size of the sample whereas the sample C shrinks to 14.62%; among the lowest compare to the other system. The corresponding value for sample A is 14.91%, sample B is 16.08% and sample D is 18.34%. Table 6 present the effect of tensile strength test conducted on an Instron universal test machine, shows that all samples meets MPIF 35 standard which is between 800 -900 MPa. This has indicated that particle which leaves after removal of the binder has better improvement in formation kinetics. The elongation percentage is based on the tensile strength result. Sample C which exhibits the highest density, generates the lowest result, mostly because the powder is strongly bound during heating corresponds to the elongation of 6.21% and significant value with sample B with 6.4%, A and D proved less than 3.0%. Fig. 4 plot microstructure of sintered Ti6Al4V. Fig. 4 (b) and 4 (d) shows the irregular pore structure leads to its low density of sintered part. It is thought that the porosity is reduced when the temperature increased and this lead to the formation of grain; which is a result of the grain coalescence process and though the orientation of the microstructure is slightly different, they essentially have a similar grain shape [2] . Observations in Figure 4 (b) and 4 (c) reveals the grains of the α phase (light) were well distributed in the matrix of the β phase (dark). The large α grains are predominately uniform in size and shape. Sample C reveals the improved crystallinity of grain growth where the α phase is becoming smaller in size compared to the sample A and B. The high densification of sample A, B and C was achieved due to the particles which became interconnected signifying that the non-reactive properties of inert gas that prevent undesirable chemical reactions from taking place and improved the properties [3] . Figure 5 . XRD pattern of sintered Ti6Al4V
Fig . 5 shows the XRD pattern of Ti6Al4V sintered sample which reveals TiC, TiO 2 and Ti peaks. Sintered Ti6Al4V at 1150 °C exhibit dominant peaks of TiC and TiO 2 compared to sample sintered until 1200 °C. Through the addition of argon gas for prevention of oxidation during heating and releasing of graphite element on samples structure, it's clear that the formation of contaminate element can be reduced effectively through 2 different heating conditions.
Conclusion
The argon gas appears to prevent reaction on the sample structure that affected the densification and tensile strength properties, and this has improved better compared to sample in vacuum atmosphere. This study has proven that formation of TiC and TiO 2 can be reducing effectively through argon atmosphere and this crucial for prevention of undesirable elements from contaminate the sample structure.
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